Based on data of inflation forecasts provided quarterly by the National Bank of Romania, forecast intervals were built using the method of historical forecast errors. Forecast intervals were built considering that the forecast error series is normally distributed of zero mean and standard deviation equal to the RMSE (root mean squared error) corresponding to historical forecast errors. The author introduced as a measure of economic state the indicator-relative variance of the phenomenon at a specific time in relation with the variance on the entire time horizon. For Romania, when inflation rates follows an AR (1), She improved the technique of building forecast intervals taking into account the state of the economy in each period for which data were recorded. The author concludes tha it is necessary to build forecasts intervals in order to have a measure of predictions uncertainty.
INTRODUCTION
I nflation forecasts are made by central bank in order to target the inflation and improve the macroeconomic policies. But, few banks are interested in a detailed measurement of the uncertainty of these forecasts. However, it is very important that a point forecasts is very far from the future reality. Forecasts intervals tend to exceed the obsolete and inefficient deterministic approach. Practically, these intervals reflect the problem of the uncertainty that accompany each prediction. According to Simon government uses various strategies to minimize the uncertainty.
The risk management strategies provide recommendations on how to adapt to changing economic conditions. 2 Uncertainty is based essentially on associating probabilities to future events verisimilitude.
Crozier shows that the accompanying of forecasts with instruments for measuring the uncertainty provides autonomy to public environment involved in forecasts developing.
Since predicting a variable by providing numerical values implies a high degree of uncertainty, the researchers have focused on the building of intervals where the predicted value might appear with a certain probability.
All the institutions base their forecasts uncertainty on historical errors, but even in this case. The studies based on this method of quantifying the uncertainty in literature are almost nonexistent, except those of Williams and Goodman. 3 The possibility of an economic crisis should be specified within the forecast interval.
After a brief overview of the main achievements in literature related to the construction of prediction intervals, I built forecasts intervals for quarterly inflation rate predicted by the National Bank of Romania in 2000-2010 using the historical errors method, taking then into account the state of the economy. In addition, given that inflation rates series follows an autoregressive process of order 1, I proposed a new method for building prediction intervals.
FORECAST INTERVALS
The problem of building forecast intervals and the determination of distributions was approached quite late in the literature, notable works in this area being written by Cogley, Adolfson, Clark and Jore, Giordani and Villiani. The results showed an important conclusion: in order to build a forecast interval with a certain probability, the model has to include variances deviation in time.
The way to build a forecasts interval is described by Granger, the retrospective presentation of the methods being done by Chatfield. 4 Christoffersen explained how to evaluate these intervals while the methods for measuring forecasts density are introduced only in 1999 by Diebold, who extends them later for bivariate data. 5 Wallis 6 is the first one who proposes tests for forecasts intervals, while Otrok and Whiteman, Robertson and Cogley introduced bayesian prediction intervals. See: Literature. Unlike other methods .of building prediction intervals that are specified in literature, the Bayesian ones also analyze the impact of estimator error on interval. Stock and Watson specify the conditional distribution function for k-steps-ahead forecasts. Their approach is developed by Hansen, who built asymptotic forecasts intervals to include the uncertainty determined by the parameter estimator. 7 Kjellberg and Villani numbered the advantages and disadvantages of both types of forecasts, the ones based on models and those built by the experts. Forecast methods based on models describe the complex relationships using endogenous variables by its transparence making easy the identification of mistakes that generated wrong predictions. The disadvantages are related to the difficulty of adapting the model to recent changes in the economy, as well as the too simple form of the models. 8 Chatfield shows that forecast intervals are often too narrow not taking into account the uncertainty related to model specification, problem that is encountered also in the experts' assessment. 9 Unlike the forecasts based exclusive on models, expert assessments modify 4 immediately to any change of information related to the predicted phenomenon. Disadvantages in experts' assessments are related just to the low degree of transparency, the difficulty of using many explanatory variables outside an explicit model.
FORECAST INTERVALS BASED ON HISTORICAL PREDICTION ERRORS
The building of intervals taking into account the forecasts accuracy is an effective way to highlight the uncertainty that accompanies any forecast made. In the following, I used historical forecast errors to determine the forecast interval for inflation. I also used the projected inflation rates at the end of the year published by the National Bank of Romania for each quarter from 2000 to 2011. Forecast errors for each quarter are calculated by root mean squared errors (RMSE).
Forecast intervals are built considering the hypothesis that the forecast error series is normally distributed of zero mean and standard deviation equal to the RMSE corresponding to historical forecast errors. For a probability of (1-α), forecast interval is calculated:
) -punctual forecast for variable at time t; the α/2 quintile of standardized normal distribution.
The table below displays the RMSE and lower and upper limits of the forecast interval for inflation predicted by the central bank with a quarter before ("one-step-ahead"). Source: calculations made using data from reports of inflation of National Bank of Romania between 2000-2011 -www.bnr.ro. The forecast intervals based on RMSE are independent of the state of the economy. Therefore, Blix and Sellin proposed the change of the method, so that the interval takes into account of changes in the economy, multiplying RMSE by a factor of uncertainty subjective chosen by the expert in forecasting. 10 Another approach uses, for the series of observations, a model in which time varies. The series of quarterly inflation rates follows an autoregressive AR process in which the series has a residual variance of stochastic type. It is assumed the hypothesis that errors are identically distributed and follows a standardized normal distribution. Then, the regression model can be written: are the initial moment and the final one of the period for which RMSE is calculated, the time of the interval bounded of the two moments is:
The proposal of a new way to build forecast intervals for Romania
Inflation rate for the corresponding month of the previous year in period 2000-2010 were calculated quarterly and they were expressed in prices of December 1999. We made a seasonal adjustment and we transformed the data series in order to become stationary.
Appling the seasonal adjustment based on moving averages we eliminate the seasonal influences. We calculated the logarithm of the adjusted data series and then we differentiated it to get a stationary one, which will be then modeled using the Box-Jenkins procedure.
The Dickey-Fuller test applied to the transformed data series reflects the stationarity for a critical level of 5%. In 2000-2010, the transformed inflation rate follows an AR(1) process:
This model is used to make a forecast for the first quarter of 2011. In the following table we presented the models corresponding to the previous periods of the quarter for which the forecast is made. In Appendix A we have the outputs from EViews.
Table 2
The models used to make predictions in Romania Source: own calculations using EViews. Table 3 The limits of the inflation rate forecasts intervals in Romania from 2000 Q1 to 2011 Q4 (based on own method) The inflation variance is:
I introduce as a measure of economic state the indicator δ -relative variance of the phenomenon at a specific time in relation with the variance on the entire time horizon, which for T moment is calculated as:
In this case we got a rather high relative variance, fact that shows the necessity of growing the value of RMSE with 105,9% if we take into account the state of the economy in the first quarter of 2011 and with 117,5% to take into account the economy state in the last quarter of 2011.
CONCLUSIONS
In this paper I built forecasts intervals for the inflation rate in Romania, using the quarterly predicted values provided by the National Bank of Romania for 2000-2011. First, I used the historical errors method, which is the most used method, especially by the central banks. Forecast intervals were built considering that the forecast error series is normally distributed of zero mean and standard deviation equal to the RMSE (root mean squared error) corresponding to historical forecast errors. I introduced as a measure of economic state the indicator -relative variance of the phenomenon at a specific time in relation with the variance on the entire time horizon. Then, I calculated the relative volatility in order to know the change that must be brought to the root mean squared error in order to take into account the state of economy. (str. 131-143) 
